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APPARATUS AND METHOD FOR SYNCHRONIZING CLOCK 
MODULATION WITH POWER SUPPLY MODULATION IN 
A SPREAD SPECTRUM CLOCK SYSTEM 

TECHNICAL FIELD OF THE INVENTION 
The invention relates to electronic circuits that use high frequency clock 
signals. More particularly, the invention relates to an apparatus and method for 
modulating the supply voltage to a circuit along with the clock frequency in a 
spread spectrum clock arrangement. 



The high frequency clock signals used in many electronic circuits generate 
coincidental electromagnetic fields. These coincidental electromagnetic fields or 
emissions are known as electromagnetic interference or "EMI. " The energy of EMI 
emissions from a particular circuit is directly proportional to the frequency of the 
clock signal used in the circuit. 

EMI emissions from electronic devices are regulated by governmental or 
other agencies to certain maximum allowable limits. Electronic equipment 
manufacturers must reduce EMI emissions as much as possible in order to maintain 
these emissions within the allowable limits. For example, electronic circuits may be 
enclosed in special electrically conductive housings which block or shield EMI 
emissions from the enclosed circuit. However, as clock frequencies increase, 
complete EMI shielding becomes more difficult, and EMI emission levels may 
increase. 

Many regulatory EMI limits are set as a maximum average emission energy 
level over an operating period for the circuit. Reducing clock frequency in a circuit 
for a portion of an operating period reduces the average energy of EMI emissions 
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over the operating period. Thus, it is sometimes possible to meet regulatory limits 
for EMI emissions from a particular circuit by modulating the clock frequency in 
the circuit within a certain range about a centerline or nominal clock frequency. 
This modulated clock signal frequency in an electronic circuit is commonly referred 
to as a spread spectrum clock signal. 

All processors and other electronic devices that operate under control of a 
clock signal are limited in the clock frequency they can support, and thus the speed 
at which they can process data. This operational speed limit is the result of certain 
critical paths between functional blocks which are clocked by a common clock 
signal. The maximum time it takes to launch data from one circuit functional block, 
transmit it to a receiving circuit functional block, and arrive at the receiving circuit 
functional block prior to the setup time required by the receiving circuit functional 
block, determines the minimum instantaneous cycle time that may be allowed for a 
clock signal in an electronic device which includes the two functional blocks. This 
minimum instantaneous cycle time translates to a maximum clock frequency for the 
circuit and can never be violated without running the risk that the circuit will 
produce incorrect results for a given input. Where the clock frequency for a circuit 
is modulated in a spread spectrum clock arrangement, the modulated frequency 
must be controlled so that the instantaneous frequency at any given time remains 
below the maximum allowable clock frequency supported by the circuit. 

Minimum cycle time may be improved or reduced in many circuits by - 
increasing the supply voltage in the circuit. Thus, the maximum allowable 
instantaneous frequency in a spread spectrum clock signal may be increased simply 
by increasing the supply voltage to the circuit. However, increasing the supply 
voltage in a circuit will increase power dissipation in the circuit, and the thermal 
effect of this increased power dissipation may have a detrimental impact on the 
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functionality and reliability of the circuit. Thus, in many systems, increasing 
supply voltage level is not a viable choice to meet limitations on the maximum 
instantaneous frequency in a spread spectrum clock system. 

SUMMARY OF THE INVENTION 
It is an object of the invention to provide an apparatus and method for 
providing a spread spectrum clock signal in a manner which facilitates increased 
circuit performance. 

This object is accomplished by modulating the supply voltage for a circuit in 
conceit or synchronization with the circuit clock frequency. According to the 
present invention, the supply voltage for a circuit is increased as clock frequency is 
increased. However, in the portion of the clock frequency modulation cycle in 
which the clock frequency is decreasing, the supply voltage for the circuit is also 
decreased. This modulation of the circuit supply voltage level in concert with the 
system clock frequency provides the reduced EMI emission levels desired in spread 
spectrum clock arrangements, and simultaneously allows the circuit to function 
periodically at higher clock frequencies to improve overall system performance. 

The relative modulation in circuit supply voltage level and clock frequency 
according to the invention may be accomplished in a number of different fashions. 
In one form of the invention a modulator is operatively connected to apply a first 
modulation to the supply voltage -for a circuit. A corresponding modulating 
arrangement uses the modulated supply voltage signal to control a corresponding 
modulation in the clock frequency for the circuit. Alternatively, a modulation signal 
source may be used directly to control both the modulation of the system clock 
frequency and the circuit supply voltage level. Regardless of the particular. circuit 
structure used to effect the relative supply voltage and clock frequency modulation, 
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the method of the invention includes the steps of modulating one of the circuit 
supply voltage or the system clock signal frequency at a first modulation frequency 
and modulating the other one of the supply voltage or clock frequency at a 
corresponding modulation frequency. 

As used in this disclosure and the accompanying claims, a first modulation is 
a "corresponding modulation" with respect to a second modulation when the peaks 
of the first modulation waveform coincide at least partially with the peaks of the 
second modulation waveform. In some preferred forms of the invention, the supply 
voltage and clock frequency are modulated so that the resulting two modulation 
waveforms are generally identical. However, the clock frequency modulation need 
not coincide identically with the supply voltage modulation to provide increased 
system performance and to fall within the scope of the invention and the 
accompanying claims. That is, the two modulation waveforms (instantaneous 
frequency and supply voltage level plotted over time) may be unequal and still 
provide benefits according to the invention. 

These and other objects, advantages, and features of the invention will be 
apparent from the following description of the preferred embodiments, considered 
along with the accompanying drawings. 



Figure 1 is a diagrammatic representation of a spread spectrum clock system 
embodying the principles of the invention. 

Figure 2 is a representational timing diagram illustrating the relative 
modulation of circuit supply voltage and clock frequency according to the invention. 

Figure 3 is a diagrammatic representation of an alternate spread spectrum 
clock system embodying the principles of the invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Figure 1 illustrates electronic circuit 10 utilizing a spread spectrum clock 
system 11 embodying the principles of the invention. Circuit 10 is shown in the 
figure as a processor, but may comprise any circuit utilizing a DC supply voltage 
signal and a spread spectrum clock signal. Although, circuit 10 may be 
implemented as a separate integrated circuit chip which receives a DC supply 
voltage signal and the system clock from off-chip sources, the circuit may 
alternatively be implemented together with the spread spectrum clock system on a 
single integrated circuit chip. Also, circuit 10 and spread spectrum clock system 11 
may be implemented using discrete electronic components within the scope of the 
following claims. 

Spread spectrum clock system 11 includes a spread spectrum clock source 14 
and a power supply 15. Clock source 14 provides the clock signal for circuit 10, 
while power supply 15 provides the supply voltage signal V dd for the circuit. As 
used this disclosure and the accompanying claims, "supply voltage signal" refers to 
the voltage signal supplied to and distributed throughout circuit 10 to provide the 
electrical energy required to operate the various components of the circuit. Also, 
"clock signal" refers to the signal comprising a suitable clock waveform which is 
supplied to circuit 10 and distributed throughout the circuit to clock or coordinate 
the operation of various components in the circuit. 

Power supply 15 is illustrated in Figure 1 as a operational amplifier. The - 
non-inverting or first input 16 to the operational amplifier is connected to receive a 
DC reference voltage signal modulated through modulator 17. Modulator 17 may 
comprise any suitable modulating arrangement including a saw-tooth or digital 
waveform generator. The power supply output at node 18 carries the supply 
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voltage signal V dd which is applied to circuit 10. This signal is also fed back to the 
inverting input 19 of the operational amplifier. 

Although the power supply 15 is shown as an operational amplifier in Figure 
1 , it will be appreciated that the invention may be implemented using any suitable 
power supply arrangement. A suitable power supply for purposes of this invention 
and the accompanying claims comprises any power supply in which the output 
supply voltage may be modulated. Even in the operational amplifier arrangement 
shown Figure 1, filters and other signal conditioning arrangements may be included 
with the power supply. These additional components which may be included in the 
power supply 15 are omitted from the figures so as not to obscure the invention in 
unnecessary detail. 

Spread spectrum clock source 14 shown in Figure 1 comprises a phase lock 
loop (PLL) arrangement including a phase detector 21, loop filter 22, and voltage 
controlled oscillator (VCO) 23. A divider may be included in the feedback path of 
the PLL circuit, but is omitted from Figure 1 in order to simply the drawing. A 
summing method 27 is also included in the PLL clock source in this preferred form 
of the invention. The PLL clock source receives an oscillator or base frequency 
input B and a modulation input at 28. Base frequency B is applied as one input to 
phase detector 21 and provides a reference to which the clock source output signal 
at node 26 may be locked. The signal at modulation input 28 is summed as indicated 
by summing method 27 to produce a modulated signal at an input 25 to VCO 23. 
This modulated signal modulates the frequency of the clock signal output 26 so that 
the clock frequency varies within a certain range about a center or nominal 
frequency. It should be noted that if modulation input 28 to summing method 27 is 
zero, then the signal at VCO input 25 is identical to that of the output 29 from loop 
filter 22, as would be the case for a conventional PLL clock source. 
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A PLL clock source is shown in Figure 1 only for purposes of example. It 
will be appreciated that the invention is not limited to this particular type of clock 
source. The invention encompasses any clock source in which the output clock 
signal may be modulated within a desired frequency range. 

In the preferred form of the invention illustrated in Figure 1, the modulated 
supply voltage signal at power supply output node 18 is applied to control the 
modulation of the clock frequency. Since the supply signal will normally be 
different from the voltage level required as the modulation input 28 to clock source 
14, Figure 1 includes a signal translator 30. Signal translator 30 receives the supply 
voltage signal from power supply output node 18 and translates that signal to form a 
suitable modulation input 28, that is, a modulation signal suitable for summing 
method 27 to combine with output 29 from loop filter 22. In the preferred form of 
the invention illustrated in Figure 1, summing method 27 may be effected by a 
combination of the signal translator 30 and loop filter 22 rather than as a separate 
summing device. Any suitable summing arrangement may be employed to effect 
summing method 27 within the scope of the present invention. 

The operation of the spread spectrum clock system 1 1 shown in Figure 1 and 
the method of the invention may be described with reference to Figure 1 and the 
timing diagram shown in Figure 2. The method of the invention includes 
modulating both the supply voltage signal and the clock signal frequency (at 18 and 
26, respectively, in Figure 1) in concert or synchronization with each other at 
corresponding modulation frequencies. In the form of invention shown in Figure 1, 
the step of modulating the supply voltage is accomplished using modulator 17 to 
modulate the reference voltage signal to the non-inverting input 16. This produces 
the modulated supply voltage signal V dd shown in Figure 2. 
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The step of modulating the frequency of the clock source output at 26 in 
Figure 1 is accomplished using the modulated supply voltage signal. More 
particularly, the supply voltage signal at node 18 is conditioned through signal 
translator 30 and then summed with output 29 from loop filter 22 by summing 
method 27. This summing function modulates the VCO input signal 25 to effect a 
modulation of the clock source output 26. This modulation based on the modulated 
supply voltage signal produces the modulated clock frequency shown at C in Figure 
2. 

Figure 2 illustrates that the modulation of the supply voltage signal V dd 
according to the invention corresponds with the modulated clock frequency. When 
the supply voltage signal V dd is at its highest level, the clock frequency C is also 
that its highest level. On the other hand, when the supply voltage V dd is lowest, the 
clock frequency C is also at its lowest level. This relationship between the 
modulated supply voltage V dd and modulated clock frequency C produces several 
benefits. First, the modulated clock frequency causes circuit 10 to produce a lower 
average EMI emission energy over a given operating period. Second, the higher 
performance exhibited by circuit 10 at the higher supply voltage will support the 
higher clock frequency at the appropriate time in the spread spectrum cycle, and the 
lower voltage supplied during the slower clock frequency will help keep the power 
dissipation in the circuit down to acceptable levels. 

For example, assume a 2.5% clock frequency spread spectrum modulation is- 
desired in order to reduce EMI emissions for a particular circuit or system. In this 
case, a supply voltage modulation peak of only 2.1% over the nominal (center) 
supply voltage level will support the same performance level as a system without 
the spread spectrum clock and with the nominal supply voltage. This 2.1% supply 
voltage modulation peak represents half of the 2.5% peak-to-peak frequency 
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modulation divided by the approximately 0.6% change in the maximum supportable 
clock frequency per % change in the supply voltage V dd . The increased 
performance level in this example is achieved at less than a 0.3% increase in power 
dissipation. The semiconductor device junction added temperature rise in the circuit 
would be less than 0.2 degrees Celsius. 

Figure 3 shows another preferred spread spectrum clock system 35 
according to the invention. System 35 includes the same power supply 15 and clock 
source 14 to provide the supply voltage and system clock, respectively, to circuit 
10. However, in this alternate form of the invention the modulation input 28 to 
clock source 14 is provided directly from a modulation signal source 37. The 
output from modulation signal source 37 is summed with the reference voltage V ref 
at summing junction 38 and applied to the non-inverting input 16 of the operational 
amplifier making up power supply 15. 

It will be noted from Figure 1 that modulator 17 cooperates with power 
supply 15 shown in Figure 1 to provide an arrangement for modulating the supply 
voltage. The supply voltage signal V dd and signal translator 30 make up a 
corresponding modulation arrangement in Figure 1 for modulating the spread 
spectrum clock frequency. In contrast, modulation signal source 37 in Figure 3 
operates as the modulating arrangement for modulating the clock frequency from 
clock source 14, while summing arrangement 38 cooperates with power supply 15 
to provide a corresponding modulating arrangement to modulate the supply voltage. 

It will be appreciated by those skilled in the art that the invention is not 
limited to the triangular supply voltage signal waveform illustrated in Figure 2. In 
other forms of the invention the waveform produced by the modulated supply 
voltage signal may comprise a more complex waveform. It should again be noted 
that the modulation waveform of the supply voltage signal and the modulation 
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waveform of the clock frequency need not be identical within the scope of the 
present invention and the following claims. Rather, the modulation waveforms may 
be somewhat different. In some cases the waveform differences between the supply 
voltage modulation and the clock frequency modulation may improve power 
dissipation without loss of performance. 

Many different arrangements may be employed to modulate the supply 
voltage signal in concert with the modulated spread spectrum clock frequency. The 
arrangements shown in Figures 1 and 3 are simply preferred embodiments for 
accomplishing the desired relative modulation between the supply voltage signal and 
clock frequency. Alternatively to the arrangements shown in Figures 1 and 3, a 
function generator may be associated with the power supply 15 and the function 
applied to control both the modulation of the supply voltage signal and the spread 
spectrum clock frequency. The desired relative modulation may also be 
accomplished with a passive distribution and decoupling network associated with 
circuit 10 which has a slightly negative impedance at the fundamental frequency of 
the spread spectrum modulation. These latter modulation arrangements are to be 
considered equivalent to those illustrated in the figures. 

Furthermore, those skilled in the art will appreciate that the invention is not 
limited to the method of modulation or modulation introduction into clock source 14 
or power supply 15 shown for purposes of example in Figures 1 and 3. In other 
forms of the invention,, the spread- spectrum frequency, modulation could be- 
accomplished before loop filter 22, and could take signal forms other than voltages. 
Such alternative signal forms include currents and digital representations 
translatable as phase error for the clock source and voltage for the power supply. 
In other forms of the invention, the modulation could be introduced into clock 
source 14, and a frequency-to-voltage converter at the output of clock source 14 
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could provide the modulation source for power supply 15. Any suitable modulation 
technique for producing corresponding modulation in the clock frequency and 
power supply voltage is to be considered equivalent to the techniques and 
arrangements specifically described in this disclosure. 

The above described preferred embodiments are intended to illustrate the 
principles of the invention, but not to limit the scope of the invention. Various 
other embodiments and modifications to these preferred embodiments may be made 
by those skilled in the art without departing from the scope of the following claims. 



